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THE PREPARATION AND PROPERl'lES OF DISUBSTITUTED 
ETFIYIENEDIAMI:Ng - DIACETIC .ACIDS 
I. Statement of the Problem 
In the course of a search for organo-metallic compounds which were · 
soluble in non-polar organic solvents, the attention of the author was 
drawn to the exceptionally stable metallic complexes formed by the poly-
carboxylic amino acids. 
The two most extensively investigated acids of this type are 
triglycine (I) and ethylenediamine-tetraacetic acid (II). 
/ CH2COOH 
N- CH2COOH 
CH2COOH 
I II 
The tri-sodium salt of triglycine is known commercially by its trade name, 
Trilon A (23); the tetra-sodium salt of ethylenediamine-tetraacetic acid 
as Trilon B (23), or Versane (14). 
2. 
Versene has found wide application in industry as a water softener 
and sequestering reagent. Its value as a water softener, stems from its 
ability to form water-soluble complexes with metallic ions, such as cal-
cium and magnesium, according to the following equation. 
-
OOCCH2 H2CCOO = 
I I 
i-CH2CH2-i t 
OOCCH2 H2CCOO 
III 
The non-ionic nature of this complex is illustrated by the successful use 
of Versene as a sequestrant. Sequestration has been defined by 
Daugherty (11) as "the reduction of the concentration of a multivalent 
positive ion in solution, by combination with a negative ion to form a 
complex negative ion, to the extent that the remaining concentration of 
the multivalent positive ion is insufficient to be precipitated by a given 
negative ion with which it has a low solubility product". 
It will be noted in figure III that only two of the acetic acid 
anions are required for complex formation; the remaining two, in the case 
of Versane, serve to enhance the water solubility of the complex. It oc-
curred to us that replacing these acetic acid anions with suitable alkyl 
or carbalkoxyl groups would yield a series of disubstituted ethylenediamine-
diacetic acids capable of forming metallic complexes equal in strength to 
those formed by Versene, but soluble in anhydrous, non-polar organic sol-
vents. The structure of these new compounds may be illustrated by 
figure IV. 
IV 
It was, therefore, decided to attempt the preparation of disubstituted 
ethylenediamine-diacetic acids where R would be hydrogen, butyl, dodecyl, 
octadecyl, and carbethoxy. The cyclic derivative, die'thylenediamine-
diacetic acid (piperazine-1,4-diacetic acid), V, was also to be prepared. 
The solubilities of the copper, calcium, and barium salts of these acids 
were to be tested in a variety of organic solvents. 
1cH2CH2\ HOOCCH2-N N-CH2COOH 
\CH CH/ 2 2 
v 
It should be noted here that, after the present work was virtually 
completed, a paper appeared by Frost and Martell (21), which covered much 
the same material. These authors prepared the dibutyl-, dicyclohexyl-, 
dioctyl-, dibenzyl-, and didodecyl-, ethylenediamine-diacetic acids and 
studied the copper and calcium complexes formed by them. 
II. Historical Introduction 
A. Inner Complex Salts 
The dialkyl-ethylenediamine-diacatic acids form metallic complexes in 
which the metal atom is bound in the canter of a cyclic structure consist-
ing of three five-membered rings. This type of complex was first studied 
by Ley (26) who used the term "inner complex salt" to refer to this new 
class of organo-metallic compounds. Diehl (12) refers to these compounds 
a.s "chelate non-electrolytes" to distinguish them from chelatas in general. 
The physical properties of these compounds are determined i~ large 
measure by their unusual structure. They are frequently insoluble in 
water, soluble in non-polar organic solvents, difficultly hydrolyzable, 
highly colored, and only slightly di ssoci ated. In many cases they exhibit 
a low melting point. 
The necessary conditions for inner complex salt formation have been 
enumerated by Feigl (15): 
1. The presence of an acidic group which can take 
up one of the primary valances of the metal in 
salt formation. 
2. The presence of groups which can become coordi-
nated with the central atom through unshared 
electrons, i.e., through oxygen as in water,' or 
nitrogen as in ammonia. 
3. The ato~s of the organic molecule which are in-
volved in bond formation with the metal atoms 
must be separated by chains of sufficient 
length to permit formation of five- or six-
membered rings. 
The alpha- and beta-amino acids fulfill these conditions and do form 
chelate complexes with metallic ions. The copper complexes of the simplest 
alpha-amino acid, glycine, and the simplest beta-amino acid, alanine, are 
shown in figures VI and VII. 
O=C-0\ ... ~.2N-CH2 
cy 
0 - C=O 
VI 
/
Q::C-0\ H2,N- CH2 
H-C C ~// CH 
-~ ~~~' ~ 2 
fi:aC - NH2 0 - C=O 
VII 
It is beyond the scope of this paper to deal exhaustively with the 
numerous factors which determine the metal atoms which will form complexes, 
the natura of the ligands, and the geometrical configuration of the com-
plex. A few general observations may, however, be made. 
Gilman (22) states that the tendency toward complex formation is 
greatest in the sub-group and transition group elements. Ephraim (13) 
lists copper, nickel, palladium, and platinum as the metal atoms which 
form the strongest complexes. Bailar (3) lists copper as an element which 
definitely coordinates with amino acids. Barium, calcium, lithium, sodium, 
magnesium, cadmium, and strontium were all found to form weak complexes or 
none at all. 
Pauling (33) states that bivalent copper would be expected to form 
2 four covalent bonds of the dsp coplanar type. In 1935, Cox and Webster (7) 
demonstrated that compounds of copper with beta-diketones (VIII) have a 
planar configuration. They also reported evidence for the trans coplanar 
configuration of tetracovalant copper in dipyridinocupric chloride (G) as 
shown in figure IX. 
VIII 
H 
..,.c~ 
HC' ~CH 
II I 
HC CH 
(R1 =R2=CH3 , R3-:H) 
(Rl:R2:C2H5, R3:H) 
(Rl=R2:CH3 , R3= Cl) 
""-.N':7 HC- CH 
I / '\ 
Cl-Cu-N CH 
I " / Cl HC=CH
IX 
6. 
..... ~ .. --------------------------------~--
Schlesinger (38, 39, 40, 41) has prepared a series of dibasic amino 
acids having the general formula: 
R H H R 
I I I I 
R'-c-N-(CH2 ) -N-c-R' I n I 
COOH COOH 
where n has the values of 2, 3, 5, 7, and 10; and Rand R' are various 
groups resulting in a symmetrical molecule. Where n equals 2 or 3, a 
single form of the copper salt was isolated which was deep blue and water 
soluble. When n equal s 10, a single form of the copper salt was found. 
For values of n equal to 5 and 7, two modif i cat i ons ware isolated: one was 
blue and water-soluble; the other was violet and insoluble in water. 
Schlesinger presents these data as evidence for cis-trans isomerism. The 
structures are indicated in figures X and XI. 
O=C - -0 0 -----" C=O / 
cu , . 
, ' 
, ' 
, ' 
R-c --N' 'N--C-R 
I \ / I 
R' (CH2 )n R' 
X (cis form - blue) 
R 
I 
R-'C--N. ', / 0 - - C=-0 
oJ--0' Cu,' ' ,N- -C-R' 
CH2 i A 
XI (trans form - violet) 
Tschugaeff and Serbin (47, 48) demonstrated that the tendency to form 
inner complex salts is greatest in alpha-amino acids, somewhat less in 
beta-amino acids, and non-oxistent in gamma-, delta-, and epsilon-amino 
acids. In other words, stable chelate rings result only when there is the 
possibility of forming five- and six-membered rings. 
A series of N,N'- disubstituted-othylenediamine-dipropionic acids has 
recently been reported by Martell and Charberek (29). The general formula 
for these acids is: 
where R may be hydrogen, a propionic acid group, or the hydrocarbon groups: 
butyl, cyclohexyl, octyl, and benzyl. They concluded that these beta-amino 
acids, with the exception of the dicyclohexyl derivative, form complexes 
with cupric ions; but that these complexes were weaker than those of the 
N,N'- dialkyl-athylenediamine-diacetic acids. N,N'- Dicyclohexyl-
ethylenediamine-dipropionic acid did not form a copper complex, probably 
because of the steric hindrance of the cyclohexyl groups. This latter 
finding is in agreement with the observation by Frost (20) that N,N'-
dicyclohexyl-ethylenediamine-diacetic acid gives no copper chelate. 
In 1949, Frost (20) reported the results of an investigation of some 
N,N'- dialkyl-ethylenadiamine-diacetic acids having the type formula: 
a. 
where R may be butyl, cyclohexyl, benzyl, octyl, and dodecyl. With the 
exception of the dicyclohexyl derivative (previously mentioned) these acids 
form strong inner complex salts with copper and weaker complexes with cal-
cium. The copper salts were found to be soluble in alcohol, acetone, and 
other polar solvents, as well as in benzene and xylene. The N,N'- di-
dodecyl- and N,N'- dioctyl-ethylenediamine-diacetic acids form copper 
chelates which are considerably less soluble in organic solvents than those 
of the dibutyl and dibenzyl derivatives. Water solutions of the copper 
salts of N,N'- dibenzyl- and N,N'- dibutyl-ethylenediamine-diacetic acids 
are deep blue; whereas the alcohol solutions of these salts are bright green 
Kroll (24) prepared the dihydrochloride of ethylenediamine-diacetic 
acid by the carboxymethylation reaction of Bersworth (46) and studied the 
calcium, cobalt, and ferric iron complexes of this acid. His experimental 
data are not yet available in the literature. 
10. 
B. Preparation of the amino Acids 
The oldest method for the preparation of alpha-amino acids is the 
alpha-halogen synthesis, first used by Perkin and Duppa (34) in 1858 for 
the preparation of glycine. 
.;;J Many modifications of this method have since appeared in attempts to in-
crease the yield and purity of the products. 
Schwa.rzenbach and Ackermann (42) utilized the reaction between 
chloroacetic acid and polymethylene diamines in the synthesis of acids of 
the indicated structure (XII): 
HOOCCH2 H2CCOOH 
I I 
N- (CH2)n-N 
I I 
HOOCCH2 H2CCOOH 
XII 
where n has the values 2, 3, 4, and 5. 
Adelson and Pollard (1), using chloroacetamide and piperazine, carried 
out the following reaction. 
. 
2HC1 
Replacement of the amide groups of piperazina-1,4-diacetamide with hydroxyl 
groups by use of sodium nitrite and concentrated sulfuric acid gave 
piperazine-1,4-diacetic acid in excellent yield. The particular advantage 
of this method lies in the opportunity for purification of the intermediate 
diacetamide, which is easily recrystallizable from water. 
Moore, Boyle, and Thorn (32) obtained ethylenadiami.ne-monoacetic acid 
dihydrochloride by heating N-carbethoxy-ethylenediamine with ethyl-
chloroacatate in the presence of anhydrous sodium carbonate, followed by 
hydrolysis with concentrated hydrochloric acid. This reaction may be 
represented by the following series of equations. 
HCl 
(ii) c 2H5COOOH2-~-CH2CH2-i-COOC2H5 + 2HOH 
H H 
HOOCCH2-j-CH2CH2NH2 + 2C2H50H + C02 
H 
Braun (5) prepared N,N'- diphenyl-athylenadiamine-diacetonitrile by 
the reaction ot bromoacetonitrile with symmetrical diphenyl-othylenedia.mine. 
c 6H5-j-CH2CH2-~-c6H5 + 2BrCH2CN ~ C6H5-i-cH2CH2 -~!-C 6H5 • 2HBr 
H H CH2CN CH2CN 
ll. 
He did not, however, hydrolyze the crystalline dinitrile to the correspond-
ing amino acid. 
In 1949, Frost (20) prepared a series of N,N'- dialkyl-ethylenediamine-
diacetic acids in low yield by condensing symmetrical dialkyl-ethylene-
diamines with sodium chloroacetate, using carefully weighed stoichiometric 
proportions of reactants. 
This method is particularly valuable since it is a one-step reaction lead-
ing directly to the amino acid, contaminated only by sodium chloride. In 
isolating a new amino acid, the importance of minimizing the number of by-
products cannot be overemphasized. 
A variation of this method, also used by Frost (20), involved the 
reaction between sodium N-alkyl glycinates and ethylene dichloride. 
N,N'- Dioctyl-, and N,N'- didodecyl-ethylenediamine-diacetic acids were 
prepared in 20 per cent yield by this reaction. 
Still another method used by Frost (20) involved the reaction between 
symmetrical dialkyl-ethylenediamines, sodium cyanide, and formaldehyde in 
basic media. These are the reactants used in the carboxymethylation re-
action of Smith et al (46) which will be treated elsewhere. A 20 per cent 
yield of crude N,N'- dibutyl-ethylenediamine-diacetic acid was obtained by 
this scheme. 
12. 
Martell and Chaberek (29) prepared the series of disubstituted 
ethylenadiamine-dipropionic acids previously mentioned by treating the 
corresponding N,N'- dialkyl-ethylenediamines with sodium~-chloropropionate 
according to the following reaction. 
They obtained yields of from 8 to 24 per cent. 
The second general method for the preparation of alpha-amino acids is 
the cyanohydrin synthesis first used in 1850. An outline of the synthesis 
of alanine by this method is given below (17). 
HOH ) CH3CHCOOH I 
NH2 
Varie.tions of this basic. scheme have been used in the preparation of the 
polycarboxylic amino acids under consideration in this investigation. 
Polstorff and Meyer (35) prepared Trilon A (sodittm salt of triglycine) 
from formaldehyde, ammonia, and potassium cyanide in 1912. Fick and 
Ulrich (lG), using ethylenediamine, hydrogen cyanide, and formaldehyde, ob-
tained ethylenediamine-diacetonitrile. They reported the hydrolysis of this 
dinitrile by both acids and bases to yield athylenediamine-diacetic acid. 
Schlesinger (38, 39, 40, 41) used the procedure outlined below in the 
13. 
14. 
preparati on of a series of ethylane-bis-~-amino acids: 
R H H R R H H R 
I I I I 
NC-C-N-cH2CH2-N-C-CN 
I I 
I I I I ) HOOC-C-N-CH2CH2-N-C-COOH 
I I 
R R R R 
In 1949, Smith, Bullock, Bersworth, a,nd Martell (46) reported the 
preparation of Versene in 98 per cent yield by the reaction between sodium 
cyanide, ethylenediamine, sodium hydroxide and formaldehyde. The overall 
reaction may be written as indicated below. 
The mechanism proposed by these workers for this "carboxymethylation" re-
action may be outlined as follows: 
(i) 
c~ 
H-c-H + 
15. 
(iii) 
OH (2) 
+ HOH ~ R1R2IDH2C00e+ 
R1 and R2 may be alkyl groups or hydrogen. 
Kroll (24) utilized the above reaction in the preparation of ethylene-
diamine-diacetic acid dihydrochloride. 
16. 
c. Preparation of the Symmetrical Dialkyl Ethylenediamines_ 
The three symmetrically substituted ethylenediamine& used in this 
research have all been reported in the literature. They are generally 
prepared by the reaction of an alkylene dihalide, with a primary amine (i) 
or by reaction of ethylenediamine with an alkyl halide (ii). 
(i) ClCH2CH2Cl + 2RNH2~ R-N-cH2CH2-N-R + 2HC1 I I 
H H 
(ii) ~m~CH2N~ + 2RC1----4 R-N-C~CH2-N-R + 2HC1 I I 
H H 
The hydrochloric aoid fo~ed is either allowed to react with the product 
to form the dihydrochloride of the di-secondary amine or is neutralized by 
excess primary amine in the reaction mixture. 
Van Alpen (49), Lob (28), and Mason (31) have prepared N,N'- dibenzy1-
ethylenediamine by condensing ethylenediamine with benzaldehyde to form 
N,N'- dibenzylidene-ethylenediamine. This compound, when reduced with 
sodium and alcohol, gives a good yield of symmetrical dibenzyl-ethylene-
diamine. 
The molar ratios of reactants used in the reactions outlined in (i) 
and (ii) have a decided effect on the type and yield of product. Sebrell 
and Clifford (43, 44) allowed n-butylamine to react with ethylene 
dichloride in the molar ratio of 2 to l to obtain N,N'- dibuty1-ethylene-
diamine. Frost (20), using the same ratios, obtained the desired product 
in 65 per cent yield. Both Sabrell and Clifford, and Frost 1solated 
symmetrical dibutyl-piperazine as a by-product. Zienty (51), using 5 moles 
of n-butylamine to 1 mole of ethylene dichloride, isolated N,N',N''- tri-
butyl-di-ethylene-triamine as a side product. 
N,N'- Didodecyl-ethylenediamine has been prepared by Linsker and 
Evans (27) from ethylenediamine and dodacyl (lauryl) chloride. Kyrides, 
Zienty, Steahly, and Merrill {25) obtained the same product by treating 
2-methyl-2-imidazoline with dodecyl bromide. A 50 per cent yield of 
N,N'- didodecyl-ethylenediamine was obtained by Frost (20) upon refluxing 
4 moles of n-dodecylamine with one mole of ethylene dichloride. He identi-
fied N,N'- didodecyl-piperazine as a side product. 
Linsker and Evans (27) obtained a crude yield of 98 per cent of 
N,N'- dioctadecyl-ethylenadiamina by condensing one mole of ethylenediamine 
with two moles of octadecyl chloride. 
17. 
III. Experimental Section!J 
A. Preparation of the Disubstituted-Ethylenadiamines 
1. N,N'- Dibutyl-Ethylenadiamine 
Five moles (364 grams) of n-butylamine were placed in a three-necked 
flask equipped with an efficient mercury-sealed stirrer, dropping funnel, 
and reflux condenser. The amine was heated over a water bath to reflux 
and stirring was commenced. Ethylene dibromide (one mole, 188 grams) was 
added dropwise over a period of four hours. Stirring and refluxing were 
continued for 45 minutes after the addition was complete. The resulting 
solution was clear and faintly yellow. 
Attar cooling to room temperature, the solution was shaken in a 
separatory funnel with 300 ml. of water and 320 grams of a 50 per cent 
aqueous sodium hydroxide solution. The two discrete layers which formed 
were separated; the water layer was discarded. EXcess n-butylamine was 
distilled from the amine layer at 75-79°C. Upon cooling, the liquid re-
maining in the flask solidified due to formation of the monohydrate of 
N,N'- dibutyl-ethylenediamine. 
Two hundred milliliters of benzene were added to this solid hydrate 
and the solution which resulted was refluxed in a moisture test receiver 
designed to permit the continuous removal of water from the refluxing 
benzene-water azeotropic mixture. When no further water came over, the 
benzene was removed from the anhydrous solution using a conventional dis-
tillation apparatus. Vacuum distillation of the residue yielded 141 grams 
.AI All melting points and boiling points are uncorrected unless otherwise 
specified. 
18. 
(81.7 per cent) of clear, colorless N,N'- dibutyl-athylenediamine. The 
boiling range was 79-82°C. at one millimeter pressure. Zienty (51) reported 
0 
the value, 110-lll c. at 8 millimeters; while Frost (20) recorded 
0 110-114 c. at 12 millimeters. 
Nine grams of a high-boiling liquid came over at 90°C. at one milli-
meter pressure. Although not investigated, this fraction probably con-
tained N,N'- dibutyl-piperazine, a by-product of this reaction reported 
by Frost (20 ). 
19. 
2. N,N'- Dibutyl-ethylanediamine Monohydrate 
Two milliliters of N,N'- dibutyl-athylenediamine were placed in a test 
tube. Addition of a few drops of water caused immediate precipitation of a 
white solid. 
at 49-50°0. 
This solid, when recrystallized from hexane, melted cleanly 
Zienty (51) reports 48-49°0. 
3. N,N'- Dibutyl-ethylenediamine Dipicrata 
The dipicrata of N,N'- dibutyl-ethylenediamina was prepared by heating 
an alcohol solution of the diamine with a saturated alcohol solution of 
picric acid according to the procedure set forth by Shriner and Fuson (45). 
The yellow crystals were recrystallized from absolute ethanol. The melting 
point, 148°C., compares well with that reported by Frost (20), 148-149.5°0. 
20. 
21. 
4. Preparation of N,N'- Didodecyl-athylenediamine Monohydrate 
Twenty-four grams (0.13 mole) of n-dodecyl amine and 12.2 grams 
(0.065 mole) of ethylene dibromide ware placed in a 250 ml. flask equipped 
0 
with a reflux condenser. Upon heating to 60 C. a vigorous reaction oc-
curred. Heating was continued for twenty minutes. After being allowed to 
cool to room temperamu·e, the solid brown reaction product was treated 
with 250 ml. of 10 per cent sodium hydroxide with vigorous stirring. Most 
of the solid dissolved. The alkaline solution was extracted with ather and 
the ether extracts dried over magnesium sulfate. 
The ather layer was filtered and the ether distilled off on a steam 
bath, leaving a brown solid residua. This residue was broken up and 
treated again with 10 per cant sodium hydroxide solution with stirring. 
The solid was virtually insoluble in the aqueous alkaline solution. Ether 
was added with shaking until the solid went into solution and the two 
layers ware separated. The water layer was discarded and the ether layer 
was dried over magnesium sulfate. Distillation of the ether gave 18.2 
grams of a light brown solid (68 per cent). The melting point of the 
0 
crude product was 49-54 c. 
A portion of the product was dissolved in hot 95 par cent ethanol and 
water was added in a dropwise fashion until turbidity persisted in the hot 
solution. MOra 95 per cent ethanol was added until the solution became 
clear. The hot solution was filtered and cooled in the refrigerator. A 
white, waxy solid separated and was collected by suction filtration. After 
0 
drying, the melting point was 58-60 C. 
22. 
Recrystallization was repeated two more times until the product 
showed no further rise in melting point. The melting point of the thrice 
0 
recrystallized product was 66-67 c. Kyrides (25) reports the melting 
0 point of the monohydrate as 71-72 C. 
23. 
5. N,N'- Didodaeyl-ethylenediamine Dipicrata 
About 0.3 grams of the diamine was dissolved with heating in 10 ml. 
of 95 per cent ethanol. Ten ml. of a saturated solution of picric acid in 
ethanol were added and the solution heated to boiling. The clear yellow 
solution was filtered, cooled, and scratched. A yellow precipitate settled 
out which was collected by suction filtration and recrystallized from 
95 per cent ethanol. The resulting fine yellow needles, after drying, 
0 0 
melted at 154 C. Linsker and E~ns (27) report 112 c. Frost (20) reports 
0 
152-154.5 c. 
6. N, N'- Didodecyl-athylenediamine Dihydrochloride 
Aqueous hydrochloric acid was added to a 95 per cent ethanol solution 
of the diamine. A light brown solid separated and was collected by 
suction filtration. When recrystallized from 95 per cent ethanol, a fine 
0 
white powder resulted. The pure product charred at 263.5-266.5 c. 
0 
Kyrides (25) reports the melting point as 272 c., while Linsker and EVans 
0 (27) record the value 246-248 c. 
7. Preparation of N,N'- Dioctadecyl-athylenediamine Monohydrate 
Twenty-five grams of n-octadecyl amine (0.093 mole), 8.7 grams of 
ethylene dibromide (0.046 mole), and 200 ml. of toluene were placed in a 
250 ml. single-necked flask equipped with a reflux condenser. The mixture 
was refluxed gently for 3 and l/2 hours, then allowed to cool. Three 
hundred ml. of 10 per cent sodium hydroxide ware added to the cool solution 
and the mixture was vigorously stirred. After separation of the water 
layer, the toluene was removed by distillation at reduced pressure. The 
0 
resulting almost white solid amine melted at 75-80 c. The crude yield was 
quantitative. 
A portion of the crude product was recrystallized from methanol. The 
0 
melting point of the white waxy solid was 62-63.5 C. Linsker and Evans 
0 (27) report 62-64 c. 
24~ 
a. N,N'- Dioctadecyl-ethylenadiamine-dihydrochloride 
N,N'- Dioctadecyl-athylanediamine monohydrate was dissolved in ethanol 
and concentrated hydrochloric acid was added with stirring. A white 
precipitate separated immediately and was filtered off and recrystallized 
from 95 per cent ethanol. The dried compound melted at 210-212°0. 
. 0 
Linsker and Evans {27) report the value, 197-199 c. 
25. 
9. Preparation of N,N'- Dicarbethoxy-athylanediamine 
Many references to the preparation of symmetrical dicarbethoxy-
ethylenediamine, or ethylane-bis-urathan, are to be found in the litera-
tura (8, 10, 18, 19, 37). The writer used a preparation described by 
Curry (8) which involves the reaction between ethylenediamine and ethyl-
1 chloroformata in basic media. The equations may be written as: 
H2NCH2CH2NH2 + 2ClCOOC 2H5 ~ C2H50oc-i-CH2CH2-~-cooc 2H5 + 2IID1 
H H 
2HC1 + 2NaOH ---+ 2NaCl + 2HOH 
Procedure 
Sodium hydroxide (3.75 moles, 150 grams) and 500 ml. of water ware 
placed in a 2 liter, three-necked flask equipped with a mechanical stirrer, 
thermometer, and separatory funnel. One hundred grams of ethylenediamine 
(95 - 100 per cent) were then added and the mixture cooled to -l0°C.,, 
using a dry ice-acetone bath. Freshly distilled ethylchloroformate 
(2.5 moles, 362 grams) was then added dropwise with stirring, keeping the 
temperature below 15°C. As the reaction proceeded the product separated 
as a white solid. 
The product was collected by suction filtration and washed three times 
with 200 ml. portions of cold water . After thorough drying in air, the 
N,N'- dicarbethoxy-ethylenediamina was recrystallized from a water-ethanol 
(95:5) mixture. The yield of recrystallized material was 234 grams (69 per 
cent). The corrected melting point, lll-ll2°C., compares favorably with 
26. 
27. 
0 the value reported by Fischer and Koch (18), 112 c., and that reported by 
Curry (8), 110-lll°C. 
B. Preparation of Ethylenediamine- diacetic Acid 
1. Procedure A - Attempted Preparation of Ethylenedia~ina-diacatonitrile 
Chabarek and Martell (29) have recently found that ethylenadiamina-
dipropionitrile may be prepared in good yield by reaction of ethylene-
diamine with acrylonitrile. This nitrile was found to be a liquid which 
could be purified by vacuum distillation although some decomposition was 
noted on standing and during the distillation. 
It was felt that preparation of the corresponding diacetonitrile 
would afford a useful intermediate for the preparation of ethylenediamine-
diacetic acid. 
The procedure given below is essentially that given by Allen and 
Van Allan (2), who prepared diethylamino-acatonitrile by the reaction be-
tween diethylamine, sodium cyanide, formaldehyde, and sodium bisulfite. 
EXperimental Procedure 
A saturated solution of sodium bisulfite was prepared by dissolving 
190 grams of meta sodium bisulfite (equivalent to two moles of sodium' 
bisulfite when dissolved in water) in 500 ml. of water in a 1500 ml. 
beaker. Formalin (150 g. of a 40 per cent solution, 2.0 moles) was added 
with stirring and the mixture was warmed to 65~C. 
After cooling to 35°C., 60 grams (l.O mole) of ethylenediamine were 
added with stirring. This caused the temperature to rise to 70°C. The 
solution was allowed to stand for two hours. 
It was then placed in the hood and 98 grams (2.0 moles) of sodium 
cyanide in 270 ml. of water were added in a dropwise fashion with efficient 
stirring. Stirring was continued at room temperature for two hours when 
~. 
precipitation of sodium sulfite was noted. The homogeneous solution was 
filtered to remove sodium sulfite and concentrated at reduced pressure 
until no further water came ovar. Concentration was interrupted twice to 
filter off further amounts of sodium sulfite. 
The clear red solution remaining in the flask was then subjected to 
vacuum distillation. The only material which distilled was further 
amounts of water; the residua in the flask darkened and became resinous. 
In the case of diethylaminoacetonitrile, the product was water in-
soluble and could be immediately removed from the reaction mixture by 
ether extraction. In the preparation outlined above, however, the water 
solubility and ether insolubility of the product necessitated prolonged 
treatment under conditions favorable to decomposition of the dinitrile. 
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Procedure B 
A mixture of lead chloroacetate (0.127 mole, 50 grams), ethylene-
diamine (0.127 mole, 7.6 grams) and 300 ml. of water was refluxed for 3 
and l/2 hours in a 500 ml. flask. After one hour a dense precipitate was 
noted. At the end of two hours, the solution became clear and remained 
this way throughout the remainder of the reaction. 
A fine white precipitate was deposited after standing overnight at 
room temperature. This solid was filtered off by suction filtration to 
yield a clear colorless filtrate which was acidic to litmus paper. 
The distillate was concentrated to 150 ml. at reduced pressure and 
filtered to remove more white solid (lead chloride). Further concentration 
to 75 ml. followed by filtration gave further amounts of lead chloride. 
Finally the solution was concentrated to dryness to yield 17.0 grams 
(76 per cent) of a faintly yellow solid which decomposed with charring and 
left a small amount of infusible residue. Positive tests for lead and 
chloride ions were obtained. 
The white solid was dissolved in warm water and hydrogen sulfide was 
bubbled into the solution tmtil no further precipitation of lead sulfide 
was noted. Filtration and one treatment with decolorizing carbon afforded 
a clear colorless solution. This solution was concentrated at reduced 
pressure to a volume of ten milliliters and treated with ten ml. of con-
centrated hydrochloric acid. Cooling resulted in precipitation of a white 
solid. When this solid was recrystallized from a water-ethanol mixture, 
it malted with decomposition at 185- l90°C. 
so. 
An analytically pure sample could not be obtained, probably because of 
the hygroscopic nature of tha compound and the possibility of con~ination 
with the monoacetic acid derivative. 
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c. Preparation of the Disubstituted-athylenediamine-diacetic 'Acids 
1. Preparation of N,N'- Dibutyl-ethylenediamina-diacetamide 
A three-necked, round-bottomed flask was equipped with a mercury-
sealed Hirshberg stirrer and a reflux condenser. The following reagents 
were added: sodium carbonate (21.2 grams, 0.2 mole), chloroacetamida 
(18.8 grams, 0.2 mole), and N,N'- dibutyl-athylenediamine (17.2 grams, 
0.1 mole). The diamina was weighed out and added to 300 ml. of toluene 
immediately to avoid formation of the diamine monohydrate. 
The mixture was refluxed for three hours, using a water bath as a 
source of heat. The hot toluene solution was then filtered. A white solid 
precipitated from the toluene filtrate upon cooling. This solid was 
collected by suction filtration and the filtrate was added to the solid 
reaction product, heated to boiling, and again filtered. Another crop of 
white crystals was isolated. This procedure was repeated for a third time. 
The total yield of fine white crystals was 16.7 grams (58 par cent). The 
melting point was 124.5-125.5°0. after recrystallization from water. 
Carbon 
Hydrogen 
Nitrogen 
Calculated 
58.7fo 
10.61. 
l9.6fo 
Found 
58.31. 
11.11. 
20.11. 
u. 
2. Preparation of N,N'- Dibutyl-ethylenediamine-diacetic Acid 
N,N ' - Dibutyl-ethylenediamine-diacetamide (14.1 grams, 0.049 mole) 
was placed in a 500 ml. single-necked flas k equipped with a reflux con-
denser. Ten grams of sodium hydroxide and 200 ml. of water were added and 
the mixture refluxed until no further test for ammonia was obtained. The 
resulting solution was clear and light yellow. 
Three drops of phenolphthalein were added to the flask and concentrated 
hydrochloric acid was added dropwise. at a pH of 8-9 a feathery white 
precipitate appeared. Acidification with dilute acid was continued to a 
pH of 5 (Hydri on paper), After concentrating the solution to 75 ml. at 
reduced pressure, a white gelatinous mass was filtered off. 
The gelatinous mass was stirred thoroughly with acetone and the re-
sul ting fine white crystals were collected by suction filtration . The 
weight of the dry crystals was 5 grams. 
The initial hydrolysis solution was then evaporated to dryness at 
reduced pressure. The resulting light brown solid was extracted with 
abso lute ethanol for 48 hours using a So~hlet apparatus. The ethanol solu-
tion was then concentrated to dryness at reduced pressure, yielding a 
viscous mass. This mass was taken up in acetone, stirred, and filtered to 
yield 0.4 grams of pure white powder. Concentration of acetone yielded 
further crops of crystals. 
The total yield of N,N ' - dibutyl-athylenediamine-diacetic acid was 
7.2 grams (50 per cent). A sample which was recrystallized from absolute 
0 
ethanol decomposed at 200-201 c. (corrected). Frost and Martell (21) 
0 
report 184-196 c. 
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3. Reaction Between N,N'- Dibutyl-ethylenediamine and Ethyl Bromoacetate 
A three-necked flask was equipped with a mercury-sealed stirrer, 
r eflux condenser, and dropping funnel. One-tenth mole (17.2 grams) of 
dihutyl-ethylenedi amine and 200 ml. of benzene ware placed in the flask 
and 16.7 grams (0.10 mole) of ethyl bromoacetate were measured into the 
droppi ng funnel. Dropwise addition of the ethyl bromoacetate was commenced 
while the diamine was heated to reflux. ]mmediate formation of a white 
precipitate was noted. 
After twenty minutes the white precipitate was filtered off by suction 
and the filtrate reheated to reflux. Addition of the ethyl bromoacetate 
was completed and a second crop of white crystals collected. The white 
crystals, the dihydrobromide salt of dibutyl-ethylenediamine, were washed 
with ether and dried. The yield was 12.6 grams (76 per cent). The melting 
point was 286-288°C., with charring (corrected). After recrystallization 
from 95 per cent ethanol, the compound melted at 289-290°C. (corrected). 
The benzene filtrate was disti l led on a steam bath to yield a residua 
of about 30 ml. of brown viscous liquid. All attempts to distill the 
liquid at 1.5 mm. pressure resulted in decomposition. 
It seems evident that the desired ester was formed to some extant as 
evidenced by the good yield of dihydrobromide salt. It is also plausible 
that an ester of this type would decompose on attempted distillation. 
Distillation in the range of pressures from .001 to .01 millimeters might 
conceivably be successful; however, this was not do ne due to the unavail-
ability of suitable apparatus. 
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4. Preparation of Piperazina-1,4,-diacetamide 
Fifty grans (0.26 mole) of piperazine hexahydrate and 200 ml. of 
toluene were refluxed in a three-necked, 0.5 liter flask equipped with a 
mercury-sealed mechanical stirrer and a reflux condenser. The reflux 
condenser was connected to a moisture test receiver designed to permit 
continuous removal of water from the refluxing toluene-water azaotropic 
mixture. Refluxing was continued until no further water came over. 
Forty-nina grams (0.52 mole) of chloroacetamide and 27.6 grams 
(0.26 mole) of sodium carbonate ware than added. The mixture was refluxed 
and stirred for two hours. Some ammonia was detected at the top of the 
reflux condenser by smell and litmus paper test. This was apparently due 
to partial hydrolys i s of the chloroacetamide and the product. 
After cooling to room temperature, the heterogeneous reaction mixture 
was filtered by suction. The dark brown precipitate was extracted with 
150 ml. of hot water and again filtered to yield a light brown solid. 
The crude product was recrystallized from 250 ml. of water and 
decolorized with carbon. Two concentrations of the mother liquor yielded 
further crops of crystals. The dried product weighed 33.2 grams (66.5 per 
cent yield), and char1~d at 263°C. (corrected). Van Dorp (50) reports 
decomposition without melting above 250°C. 
Analysis: C8Hl6°2N4 
Calculated 1o Found 1o 
Carbon 48.1 48.1 
Hydrogen 8.1 8.1 
Nitrogen 28.0 27.9 
35. 
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5. Preparation of Piperazine-1,4-diacetic Acid Dihydrate 
This compound has been synthesized by Adelson and Pollard (1) using 
a three step reaction. Piperazina-1,4-diacetamide was first prepared by 
condensing piperazine with chloroacetamide in the presence of sodium 
carbonate. Anhydrous toluene was the solvent used. Treating the product 
with sodium nitrite and concentrated sulfuric acid gave the diacid salt of 
the desired compound. This salt, when neutralized with ammonium hydroxide, 
afforded a 90 per cent yield of piperazine-1,4-diacetic acid dihydrate. 
The above reactions are outlined in the following equations: 
37. 
\ 
2HOH 
Van Dorp (50) has prepared piperazine-1,4-diacetic acid by hydrolysis 
of piperazinodiacetonitrile with barium hydroxide. The diacetonitrile was 
obtained by the action of formaldehyde and hydrogen cyanide on piperazine. 
Procedure A 
In the present investigation the diacetamide was hydrolyzed with 
aqueous sodium hydroxide. The resulting solution, containing the disodium 
salt of piperazine-1,4-dia.cetic acid, was acidified with hydrochloric acid 
to obtain the product. 
Piperazine-1,4-diacetamide (0.122 mole, 24.4 grams) was placed in a 
500 ml. single-necked flask equipped with a reflux condenser. Eleven grams 
of sodium hydroxide dissolved in 250 ml. of water were added and the mix-
ture was refluxed until ammonia was no longer evolved. The solution was 
allowed to cool, filtered, and acidified with dilute hydrochloric acid to 
a pH of 2-3. At this pH a dense precipitate appeared. 
After chilling in an ice bath,the solution was filtered by suction to 
yield 26.4 grams of moist, pure white crystals. The crude material melted 
at 303°c. with decomposition (corrected). The yield of dried product was 
quantitative. 
When recrystallized from water, the compound was obtained as the 
dihydrate which decomposed at 309-310°0. (corrected). Adelson and Pollard 
0 (1) and Van Dorp (50) reported decomposition above 250 c. 
ca.lcula. tad 1o Found 1o 
Carbon 40.3 40.3 
Hydrogen 
Nitrogen 11.8 12.0 
38. 
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Procedure B 
The copper salt of piparazina-1,4-diacetic acid (1.7 grams), obtained 
by addition of cupric chloride to a neutral solution of the 
piperazine-1,4-diacetamide hydrolyzate, was ground to a fine powd~r and 
placed in a 250 ml. Erlenmeyer flask. One hundred ml. of water were added 
and the resulting suspension was heated on a steam bath. 
Hydrogen sulfide was bubbled into the hot solution until no further 
blue salt was visible. A black precipitate of copper sulfide was noted. 
After boiling for a few minutes to eliminate dissolved hydrogen sulfide, 
the solution was filtered and concentrated on a low temperature hot plate 
to a volume of 10 ml. Cooling the solution gave rise to a crop of fine 
white needle crystals. These crystals, when collected by suction filtration 
and dried, weighed 0.6 gram. The dried product melted with decomposition 
0 
at 308 c. (corrected). Adelson and Pollard (l) report decomposition above 
250°C • 
6. Reaction Between N,N'- Dicarbethoxy-ethylenediamine, Formaldehyde 
and Sodium Cyanide 
The apparatus used consisted of a 0.5 liter three-necked flask in an 
ice bath, equipped with a thermometer, mercury-sealed stirrer, and a 
separatory funnel. 
Sodium cyanide (3.1 grams; 0.062 m.) in 100 ml. of water was placed 
in the flask together with one gram of sodium hydroxide and 6.4 grams 
(0.031 m.) of N,N'- dicarbethoxy-ethylenediamine. Five milliliters of 
formalin (35-40 per cent; 0.062 m.) were placed in the separatory funnel . 
One-half of this solution was added dropwise to the reaction flask, 
maintaining the temperature at 20°0. The solution was than heated to 
70°C. and 20 ml. of solution were distilled over under reduced pressure. 
The distillate smelled ammoniacal and was alkaline to litmus paper. 
The temperature of the flask was now reduced to 35°C. and the remain-
ing formalin solution added in a dropwise fashion. After heating to 
70°C., another 30 ml . of ammoniacal distillate were eollected at reduced 
pressure. 
The reaction mixture was next diluted to 350 ml. and allowed to cool 
to room temperature. It was then acidified with 6 normal sulfuric acid by 
dropwise addition of the acid with stirring. At this stage the reaction 
mixture was brown. 
Ether was added to the acidic reaction mixture and the two layers 
were separated. The ether layer, after drying with magnesium sulfate, 
was made alkaline with 10 per cent sodium hydroxide solution and the re-
sulting layers were separated. The ether layer, after evaporation to dry-
40. 
ness, yielded a white solid which, when recrystallized from a water-ethanol 
0 
mixture, melted sharply at 111 c. A mixed melting point with an authentic 
0 
specimen of N,N'- dicarbethoxy-ethylanediamine was also 111 c. 
Since the recovery of the diurethan was almost quantitative, no 
further investigation of the reaction products was undertaken. 
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7. Reaction of N,N'- Didodacyl-athylanediamine with Chloroacatamide 
A mixture of 4.3 grams (0.10 mole) of N,N'- didodecyl-athylenediamine 
monohydrate , 2.3 grams (0.25 mole) of chloroacatamida, and 1.6 grams 
(0.01 mole) of sodium carbonate was ref1uxad for two hours in 100 ml. of 
benzene. The hot solution was filtered through glass wool and cooled in 
the refrigerator. A white precipitate which formed was collected by 
suction filtration and dried. The melting point, 119-120°C., showed no 
depression when the solid was admixed with a specimen of chloroacetamide. 
The weight of the solid, 1.8 grams, indicated little or no reaction to 
produce the desired compound. Further investigation of the mixture re-
sulted only in partial recovery of the diamina monohydrate. 
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8. Reaction Between N,N'- Dioctadecy1-ethy1enediamine and Chl.oroacetamide 
Procedure A 
Five grams of dioctadecy1-ethylenediamine monohydrate, 1.6 grams of 
chloroacetamide, and 1.8 grams of sodium carbonate were placed in a 150 ml. 
flask equipped with a reflux condenser. This mixture was then heated in an 
oil bath to 140-150°0. for five hours. 
The cooled brown mass was dissolved in acetone and filtered to remove 
inorganic salts. Crystals appeared upon evaporation of the acetone 
filtrate. These proved to be the original diamine. A total of 3.4 grams 
of the diamine was recovered, indicating little or no reaction. No other 
products were isolated. 
Procedure B 
It was thought that the condensation of N,N'- dioctadecyl-ethylene-
diamine with chloroacetamide would be aided by use of a Friedel-Crafts 
type catalyst. It was decided to test this theory, using anhydrous ferric 
chloride. 
Anhydrous N,N'- dioctadecyl-ethylenediamine was prepared in the 
following manner. Five grams of the monohydrate were dissolved in 50 ml. 
of toluene. The caiculated amount (0.88 grams) of acetic anhydride was 
pipetted into the reaction flask. Distillation of the mixture gave an 
acidic distillate. Toluene and acetic acid form a binary mixture contain-
ing 28 per cent acetic acid. Forty milliters of distillate were collected 
in the conventional manner; the remaining toluene was removed at reduced 
pressure. 
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Ferric chloride (0.1 grams) and chloroacatamide (1.6 grams) were added 
to the flask and the mixture heated to l40-l50°C. in an oil bath. When no 
noticeable reaction occurred, the temperature was raised to l75°C. The 
molten mass was boiled at this temperatura for one hour. 
After cooling to room temperature, the black liquid was rinsed from 
the flask with acetone. The acetone was evaporated and the residue taken 
up in 50 ml. of water. A brown solid was obtained by filtration of this 
solution through a sinterad glass funnel. The solid was dissolved in 
ethanol and treated with decolorizing carbon to yield a clear filtrate which 
was concantra·tad and cooled. A small amount of whi ta solid which 
precipitated (less than o.l gram) proved to be the original diamine 
monohydrate. No other products could be isolated. 
Procedure C 
Dioctadacyl-ethylenediamine monohydrate (0.065 mole, 3.5 grams) was 
placed in a 0.5 liter single-necked flask equipped with a reflux condenser. 
Chloroacetamide (0.17 mole, 1.6 grams), sodium carbonate (0.18 mole, 
1.9 grams), and 200 ml. of absolute ethanol ware added and the mixture 
heated to reflux. Heating was continued for twenty-four hours, after which 
the hot alcohol solution was filtered and cooled. A white solid separated 
and was collected by suction filtration. This solid proved to be the 
original diamina. Since this constituted a 75 per cent recovery of the 
amine, it seemed evident that the postulated reaction between chloro-
acetamide and dioctadecyl-ethylenediamine monohydrate did not proceed under 
these conditions. 
The above preparation was repeated using sodium acetate as the base 
in place of sodium carbonate. Here again the reaction failed and the 
diamine was recovered almost quantitatively. 
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D. Preparation of the Metal Salts of the Amino Acids 
1. N,N'- Dibutyl-ethylenediamine-diacetic Acid 
a. Preparation of the Copper Salt of N,N'- Dibutyl-athylenadiamine-
diacetic Acid 
one gram of N,N'- dibutyl-ethylanediamine-diacetic acid was placed in 
a beaker with 50 milliliters of water. One gram of copper carbonate (C.P.) 
was added and the mixture was stirred and heated on a steam bath for one 
hour. After a few minutes of heating, the water was an intense blue. 
The hot solution was filtered through a sintered glass funnel of 
medium porosity to yield a clear, intense blue filtrate. Concentration of 
this filtrate to dryness produced a light blue solid, the copper salt of 
N,N'- dibutyl-ethylenediamine-diacetic acid. 
b. Preparation of the Calcium Salt of N,N'- Dibutyl-ethylenediamine-
diacetic Acid 
One gram of the acid was dissolved in 75 ml. of water. Two grams of 
calcium carbonate were added and the mixture was heated for thirty minutes 
on a low temperature hot plate. Filtration of the hot solution removed the 
excess calcit~ carbonate. The filtrate was concentrated to dryness at re-
duced pressure to give the white calcium salt. 
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c. Preparation of the Barium Salt of N,N'- Dibutyl-ethylanediamine-
diacetic Acid 
One gram of the acid was dissolved in 75 ml. of water. Two grmns of 
barium carbonate ware added and the mixture was heated on a hot plate for 
thirty minutes. The excess barium carbonate was removed by filtration. 
Concentration of the clear filtrate to dryness at reduced pressure gave a 
quantitative yield of the white barium salt. 
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2. Piperazine-1,4-diacetic Aoid 
a. Preparation of the Copper Salt of Piperazine-1,4-diacetic Aoid 
Five grams (0.025 mole) of piperazine-1,4-diacetamide, 25 ml. of water, 
and 25 ml. of 20 per cent sodium hydroxide were refluxed in a 250 ml. 
flask, until no further ammonia could be detected with moist litmus paper. 
Dilute hydrochloric acid was added to the reaction mixture until a pH of 
6 was attained. Fifteen ml. of 2N cupric chloride solution were next added 
and the mixture heated and stirred on a steam bath. After a few minutes 
copious precipitation occurred. Heating was continued for another twenty-
five minutes, after which the bright blue precipitate was collected by 
filtration through a sintered glass funnel of medium porosity. The 
0 precipitate was washed several times wi th water and dried in a 90 c. oven 
for one hour. The weight of the dry copper salt was 4.4 grams (67 par centl 
It decomposed at 248-253°C. (corrected). 
b. Preparation of the Calcium Salt of Piperazine-1,4-diacetic Acid 
One gram of the acid was dissolved in 25 ml. of water and heated on 
the steam bath for forty-five minutes with excess calcium carbonate. 
After filtration, the solution was concentrated to 5 milliliters, cooled, 
and added with stirring to five volumes of methanol. Immediate separation 
of a white solid was noted. This solid, the desired calcium salt, was 
collected by filtration and dried in the desiccator. The yield was 
quantitative. 
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c. Preparation of the Barium Salt of Piperazine-1,4-diacetic Acid 
One gram of the acid was dissolved in 25 ml. of water and heated on 
the steam bath for 45 minutes with excess barium carbonate. After filtra-
tion, the clear solution was concentrated to 5 milliliters, cooled, and 
added with stirring to five volumes of methanol. Immediate separation of 
the desired salt occurred. This salt was collected by suction filtration 
and dried in the desiccator. The yield was quantitative. 
E. Solubilities of the Amino Acid Salts 
Procedure for the Determination of Solubilities 
A sample of 10-20 milligrams of the amino acid salt was placed in a 
test tube with ten milliliters of solvent. After shaking, the solubility 
was noted. The test tube was then heated on a steam bath and another 
notation made of the solubility in the hot solvent. Finally, the specimen 
was allowed to stand for twenty-four hours, after which a final inspection 
was made. 
The following abbreviations are employed in Tables l and 2: 
s. 
sl. s. 
i. 
h. 
c. 
soluble 
slightly soluble 
insoluble 
hot 
cold 
50. 
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1. Solubilities of N,N'- Dibutyl-ethylenediamine-diacetic Acid Salts 
Solvent Copper Salt Calcium Salt Barium Salt 
--
n-Butyl ether i. i. i. 
Xylene i. i. i. 
Cellosolve i. i. i. 
Cyclohexane i. i. i. 
Acetophenone i. i. i. 
Nitrobenzene i. i. i. 
Ethyl acetoacetate i. i. i. 
water s. s. s. 
Ethanol (95 per cent) sl. s. i. i. 
Ethanol (abs.) i. i. i • 
.Acetic acid s. s. s. 
Chloroform i. i. i. 
Benzene i. i. i. 
Toluene i. i. i . 
Petroleum ether i. i. i. 
Propanol·2 i. i. i. 
Ethyl acetate i. i. i. 
I.igroin i. i. i. 
Carbon tetrachloride . i. i. i. 
Hydrochloric acid (cone.) s. s. s. 
.Acetone i • i. i. 
Methanol i. i. i. 
Solvent {Continued) 
Ethylene glycol 
monobenzyl ether 
Pyridine 
Ether 
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Copper Salt Calcium Salt Barium Salt 
i. i. i. 
i. i. i. 
i. i. i. 
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2. Solubilities of Piperazine-1,4-diacetic Acid Salts 
Solvent Copper Salt Calcium Salt Barium Salt 
n-Butyl ether i. i. i. 
Xylene i. i. i. 
Cellosolve i. i . i. 
Cyclohexane i. i. i. 
Acetophenone i. i. i. 
Nitro benzene i . i. i. 
Ethyl acetoacetate i. i. i. 
Water i. s. s . 
Ethanol (95 per cent) i. i. i. 
Ethanol (abs.) i. i. i. 
Acetic acid s. i. i. 
Chloroform i. i. i. 
Benzene i. i. i . 
Toluene i. i. i. 
Petroleum ether i. i. i. 
Propanol-2 i. i. i. 
Ethyl acetate i. i. i. 
Ligroin i. i. i . 
Carbon tetrachloride i. i. i. 
Hydrochloric acid (cone.) s. s. s. 
J,cetone i. i. i. 
Methanol sl. s. h. i. i. 
Solvent (Continued) 
Ethylene glycol 
monobenzyl ether 
Pyridine 
Ether 
54. 
Copper Salt Calcium Salt. Barium Salt 
i . 
sl. s. h. 
i. 
F. Preparation of Some Starting Materials 
1. Preparation of Sodium Chloroacetate 
A practical grade of chloroacetic acid was redistilled using an air 
condenser. The fraction boiling from 188-190°0. was collected and dissolved 
in water. 
The acid solution was then placed in a three-necked flask equipped 
with a Hirshberg stirrer and dropping funnel. The flask was immersed in a 
water-ice bath and sodium carbonate solution was added to the neutral point. 
Attar concentration to a small volume, the viscous solution was 
poured into five volumes of methanol. Pure sodium chloroacetate separated 
out as fine crystals which were collected by suction filtration and dried 
in air. 
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2. Preparation of Lead Chloroacetate 
The procedure outlined by Bateman and Hoal (4) was used to prepare 
this compound. 
Lead oxide (0.25 mole, 55.8 grams) and chloroacetic acid (0.50 mole, 
47.3 grams) were heated under reflux in 250 ml. of water. The white _ 
product separated as the reaction proceeded. After two hours of refluxing, 
the mixture was cooled and filtered. The dried lead chloroacatate, a white 
crystalline solid, weighed 90 grsms (92 per cant). 
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IV. Discussion of Results 
The several disubstituted-ethylenediamines necessary for this investi-
gation were prepared in generally good yields by both known and new 
procedures. 
N,N'- Dibutyl-ethylenediamine was obtained by reacting ethylene 
dibromide and n-butyl amine in the molar ratio of one to five. The pro-
cedure used was a modification of that reported by Kyrides (25), who used 
ethylene dichloride and n-butyl amine in the molar ratio of one to five. 
The monohydrate of the product was prepared and its melting point, 49-50°C., 
0 
was in good agreement with the value, 48-49 c., reported by Zienty (51). 
0 The dipicrate derivative was also prepared and its melting point, 148 c., 
0 
agrees well with the value recorded by Frost (20), 148-149.5 c. 
The use of excess amine in the above reaction serves the dual purpose 
of neutralizing the hydrogen bromide formed and providing the solvent 
medium. 
N,N'- Dibutyl-ethylenediamine is a colorless liquid, strongly basic, 
and soluble in ether and benzene. Addition of water causes immediate 
precipitation of the monohydrate; indeed, the monohydrate forms upon leaving 
the free diamine exposed to moist air. 
N,N'- Dibutyl-othylenediamine dihydrobromide, a compound not previously 
reported in the literature, was obtained as a side product in the reaction 
between N,N'- dibutyl-othylenediamine and ethyl bromoacetate. When re-
crystallized from ethanol, the compound was deposited in lustrous mats which 
melted at 289-290°0. (corrected). 
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N,N'- Didodecyl-ethylenediamine monohydrate was prepared by a new 
metho.d involving the reaction between n-dodecyl amine and ethylene dibromide 
in the molar ratio of one to two. The yield of crude material was quanti-
tative. This compound is a white waxy solid which, when recrystallized 
0 
from 95 per cent ethanol, melted at 66-68 c. Kyrides (25) reports the 
0 
melting point as 71-72 c. The melting point of the dipicrate derivative, 
0 154 c., is in excellent agreement with the melting point recorded by 
Frost (20 ), l52-154.5°C. The dihydrochloride derivative charred at 
263.5-266.5°C. Kyrides (25) gives the value, 272°C., while Linsker and 
0 Evans (27) report 246-248 c. 
Two moles of n-octadecyl amine were condensed with one mole of ethylene 
dibromide to obtain a good yield of N,N'- dioctadecyl-ethylenediamine 
monohydrate. This white, waxy solid melted at 62-63.5°C. when recrystal-
lized from 95 per cent ethanol. Linsker and Evans (27) record the value, 
62-64°C. The melting point of the dihydroohloride derivative, 2l0-212°C., 
0 is higher than that reported by Linsker and Evans, 197-199 c. {27). 
The reaction between ethylohloroformate and ethylenediamine according 
to the procedure set forth by Curry (8) gave excellent yields of 
N,N'- dicarbethoxy-ethylenediamine. When recrystallized from a water-
ethanol mixture, the compound was obtained as white crystals which melted 
at lll-ll2°C. Curry (8) reported ll0-lll°C.; Fischer and Koch (18) give 
ll2°C. 
No isolation ot ethylenediamine-diacetic acid has been reported in the 
literature. Kroll (24) prepared ethylenediamine-diacetic acid 
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dihydrochloride by the carboxymethylation reaction (46); however, his ex-
perimental data are not yet published. Moore, Boyle, and Thorn (32) re-
ported the isolation of ethylenediamine-monoacetic acid in 1929. They 
obtained this aoid from its dihydrochloride by treatment with silver oxide 
and hydrogen sulfide. 
Preliminary experiments by the author in which the preparation of this 
acid was undertaken were not successful. Reactions between ethylenediamine 
and sodium ohloroacetate led to mixtures of water-soluble solids containing 
inorganic salts. These mixtures resisted all attempts at purification. 
An attempt was made to prepare ethylenediamine-diacetonitrile by the 
reaction between ethylenediamine, sodi um cyanide, formaldehyde, and sodium 
bisulfite (i ). 
NCCH2-ii-C~CH2-~-CH2CN + 2Na2so3 + 2H2 0 
H H 
It was thought that if this compound could be obtained in a pure form, 
hydrolysis to the amino acid could easily be achieved. When distillation 
of the reaction mixture contai ning the dinitrile was attempted however, 
decomposition and resinif i cation occurr ed. 
The most promising method for the preparation of ethylenediamine-
diacetic acid dihydrochloride is the reaction between lead chloroacetate 
and ethylenediamine (ii). 
Since the lead chloride formed is relatively insoluble in water , the main 
portion of the side product could be removed by simple filtration . Any 
remaining traces of lead are effectively removed with hydrogen sulfide, 
leaving only hydrogen chloride and the amino acid. 
The product obtained was a white solid which could be recrystallized 
from a water-ethanol mixture. It lost water of crystallization above l00°c. 
0 
and decomposed at 185-190 c. An analytically pure sample could not be 
obtained, possibly because of the hygroscopic nature of the compound and 
some contamination with the monoacetic acid derivative. 
N,N'- Dibutyl-ethylenediamine-diacetamide, a new compound, was prepared 
in 58 per cent yield by the reaction between chloroacetamide, N,N'- dibutyl-
ethylenediamine, and sodium carbonate. Toluene was used as a solvent since 
the presence of water caused hydrolysis of the product. It was found neces-
sary, however, to introduce catalytic amounts of water to initiate the 
reaction. When experiments ware carried out in completely anhydrous media, 
the reaction failed completely and only the starting materials were 
isolated. 
N, N'- Dibutyl-ethylenediamine-diacetamide is sparingly soluble in hot 
water and hot toluene. It is insoluble in ether. A water solution of the 
compound is basic to litmus paper. 
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N,N'- Dibutyl-athylenediamine-diacetic acid was prepared by a. new 
method; the hydrolysis of the corresponding diacatamide with aqueous sodium 
hydroxide followed by acidification of the hydrolysate to a pH of 4-5 with 
dilute hydrochloric acid. This compound is a white solid which is best 
recrystallized from an ethanol-acetone mixture. The malting point found in 
0 
this investigation was 200-201 c. (corrected). Frost and Martell (21) 
0 
reported the value 184-196 c. 
The reaction between N,N'- dibutyl-athylanediamine and ethyl bromo-
acetate (iii) probably resulted in the production of some of the desired 
ester, since a. 76 per cent yield of N,N'- dibutyl-ethylenediamine 
dihydrobromide was isolated. 
(iii) 2C4~-tCH2CH2-y-c4H9 + 2BrCH2COOC2H5 
H H 
c2H500CCH2 -y-cH2CHz~~-CH2cooc2H5 + 2HBr 
C4H9 C4H9 
Another possibility, however, is the formaiion of N,N'- dibutyl-monoketo-
piperazine by the following reaction (iv). 
61. 
(iv) C4Hg-~-cH2CH2-i-c4H9 + 
H H 
HBr 
Marti n 'and Martell (30) have reported the preparation of N,N'- dibutyl-
monokatopiperazina by heating symmetrical dibutyl-ethylenadiamine with 
slightly less than the equimolar amount of ethyl chloroacetata which had 
been added slowly to the reaction mixture. 
In the author's hands the only product# isolated from this reaction 
was the dihydrobromide salt. All attempts to purify the aster by distilla-
tion led to decomposition. 
A 66.5 per cent yield of piperazine-1,4-diacetamide was obtained by 
the condensation of chloroaeetamide with piperazine in the presence to 
sodium carbonate. Adelson and Pollard (1) reported obtaining 
piperazine-1,4-diacetic acid by treatment of this dia~de with sodium 
nitrite and concentrated sulfuric acid. This method, in the present in-
v3stigation, was found to be lass satisfactory than the alkaline hydrolysis 
I 
e~ployed. Acidification of the alkaline hydrolysate afforded a quantitative 
yield of piperazine-1,4-diacetic acid dihydrate. This compound is readily 
obtained in pure form by recrystallization from water. It darkens above 
250°c. and decomposes at 309-3l0°C. Adelson and Pollard (l) reported 
decomposition above 250°0. 
Piperazine-1,4-diacetic acid was also obtained by the decomposition of 
its copper salt with hydrogen sulfide. 
Attempts to prepare N,N'- dicarbethoxy-ethylenediamine-diacatic acid 
did not lead to the desired product. N,N'- Dicarbethoxy-athylenediamine 
was quantitatively recovered from the reaction mixtures. 
An attempted preparation of N,N'- didodecyl-ethylenediamine-diacetamide 
using the conditions successfully employed for the synthesis of the dibutyl 
derivative was not successful. The starting materials were recovered. 
Three attempts to prepare N,N'- dioctadecyl-ethylenediamine-diacetamida 
were unsuccessful. The first method involved rafluxing the diamine, 
chloroacetamide, and sodium carbonate in absolute ethanol solution. In the 
second scheme, a Friedel-Crafts catalyst, ferric chloride, was employed to 
assist the removal of the halide ion. The third method consisted of heatin€ 
the reactants at the refluxing temperature in the absence of solvent. 
Temperatures of 140-160°0. were used. In all of the above methods, the 
only material which was isolated proved to be the original diamine. This 
was recovered in relatively high yield, indicating little or no reaction to 
produce the desired compound. 
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The salts of the amino acids, piparazine-1,4-diacetic acid and 
N,N'- dibutyl-ethylenediamina-diacetic acid, were prepared by heating an 
aqueous solution of the acid with the appropriate metal carbonate. The 
copper salts of both acids were blue; the calcium and barium salts were 
white. 
The salts of both piperazine-1,4-diacetic acid and N,N'- dibutyl-
ethylenediamina-diacetic acid do not display the solubility characteristics 
to be expected of inner complex salts. Under the conditions employed for 
the solubility determinations none of the six salts exhibited solubility 
in any non-polar organic solvent. The copper salt of piperazine-1,4-di-
acetic acid waa only sparingly soluble in water; the calcium and barium 
salts of this acid, as well as the copper, calcium, and barium salts of 
N,N'- dibutyl-ethylenediamine-diacetic acid were appreciably soluble in 
water. 
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V. Bib1iographl 
(1) Adelson, D. E., and Pollard, c. B., J. Am. Cham. Soc.,~~ 1280 (1935) 
(2) .Allen, c. F. H., and VanAllan, J. A., Org. Syn., 27, 20 (1947) 
(3) Bailar, J. C., Cham. Rev., 23, 73 (1938) 
(4) Bateman, w. G., ~nd Hoa1, A. B., J. Am. Cham. Soc., 36, 2517 (1914) 
(5) Braun, J., Ber., 41, 2107 (1908) 
(6) Cox, E. G., Sharrat, E.., Wardlaw, w., and Webster, K. c., J. Cham. 
Soc., 129 (1936) 
(7) Cox, El. G., and Webster, K. c., J. Cham. Soc., 731 (1935) 
(8) Curry, H. M., Ph.D. Dissertation, Boston University, Boston, Mass., 
50 (1950) 
(9) Curti us, J., J. prak. Cham., 52, (2) 222 (1851) 
(10} Curtius, T., and Hechtenberg, w., J. prak. Cham., 105, (2) 316 (1922) 
(11) Daugherty, T. H., J. Cham. Ed., 25, 482 (1948) 
(12) Diehl, H., Cham. Rev., 21, 39 (1937) 
(13) Ephraim, F., Inorganic Chemistry, 4th Eng. Ed., Interscience 
Publishers Inc., N. Y., 340 (1943) 
(14) F. C. Bersworth Chemical Company trade name 
(15) Feigl, F., Qualitative Analyse mit Hilfe von Tupfelraaktionen, 
Leipzig, 1935 
(16) Fick, R., and Ulrich, H., Ger. Pat. #638,071, Nov. 9, 1936 
(17) Fieser, L., and Fieser, M., Organic Chemistry, D. c. Heath and Co., 
Boston, Mass., 1944 
(18) Fischer and Koch, Ann., 232, 228 (1886) 
(19) Franchimont and Klobbia, Rae. trav. Chim., z., 260 (1888) 
(20) Frost, A. E. Jr., Ph.D. Dissertation, Clark University, Worcester, 
Mass., (1949) 
(21) Frost, A. E. Jr., and Martell, A. E., J. Am. Cham. Soc., 72, 3743 
(1950) 
(22) Gilman, H., An Advanced Treatise on Organic Chemistry 2nd. Ed., 
John Wiley and Sons, Inc., N. Y., 1828 (1943) 
(23) I. G. Farbenindustrie trade nama 
(24) Kroll, H., Abstracts of Papers, ll8th Meeting of the American 
Chemical Society, Chicago, Sept. 3-8, 1950, p. 28N 
(25) Kyrides, L., Zienty, F., Steah1y, G., and Merrill, H., J. Org. Cham., 
12' 583 (1947) 
(26) Ley, H., z. Elektrocham., 10, 954 (1904) 
(27) Linsker, F., and E'Vans, R. J., J • .Am. Cham. Soc., 68, 1432 (1946) 
(28) Lob, G., Rec. trav. chim., 55, 859 (1936) 
(29) Martell, A. E., and Charberak, S. Jr., J. Am. Cham. Soc., 72, 5357 
(1950) 
(30) Martin, W. B. Jr., and Martell, A. E., J. Am. Cham. Soc., 72, 4301 
(1950) 
(31) Mason, A., Bar., 20, 270 (1887) 
(32) Moore, T. s., Boyle, M., and Thorn, V. M., J. Cham. Soc., 51 (1929) 
(33) Pauling, L., Nature of the Chemical Bond, Cornell University Press, 
104 (1948) 
(34) Parkin and Duppa, Ann., 108, 112 (1858) 
(35) Polstorff, K., and Meyer, H., Bar., 45, (2) 1905 (1912) 
(36) Rameau, J. Th. L. B., Rec. trav. chim., 57, 194 (1938) 
(37) Rhoussopoloulos, D., Bar., 24, (3) 2268 (1891) 
(38) Schlesinger, N., Bar., 44, 1135 (1911) 
{39) Schlesinger, N., Ber., 45, 1486 (1912) 
(40) Schlesinger, N., Bar., 47, 2406 (1914) 
(41) Schlesinger, N., Bar.,~~ 1877 (1925) 
(42) Schwarzenbach, G., and Ackermann, H., Helv. Chim. Acta, 31, 1029 
(1948) 
(43) Sebrell, L., and Clifford, A., Cham. Zentr., 105, 1695 (1934) 
(44) Sebrell, L., and Clifford, A., u. s. Pat. #l,948 1 3l7, Feb. 20, 1934 
(45 ) Shriner, R. L., and Fuson, R. c., Tho Systematic Identification of 
Organic Compounds, John Wiley and Sons, Inc ., 180 (1935} 
(46) Smith, R., Bullock, J. L., Bersworth, F. c., a.nd Martell, A. E., 
J. Or g. Cham., 14, 355 (1949) 
(47} Tschuge.eff, L., and Serbin, E., Cham. Zentr., .!.• 638 (1911) 
(48) Tschugaeff, L., and Serbin, Er., Comptes Rendus, ~~ 1361 (1910) 
(49) Van Alpen, J., Rae. trav. chim., 54, 92 (1935) 
(50) Van Dorp, W. A. Jr., Reo. trav. chim., ~, 68 (1909} 
(51) Zienty, F., J. /fin. Cham. Soc., ~. 1388 (1946) 
67. 
TI-E PREPARATION AND PROPERI'IES OF DISUBSTITUTED 
ETHYLENED !AMINE - D I.ACET IC ACIDS 
- Abstract -
The exceptionally stable metallic complexes formed by triglycina, 
ethylenediamine-tetraacetic acid, and other polycarboxylic amino acids have 
recently been the subject of much study. These complexes are frequently 
water-soluble, highly colored, and only slightly dissociated. In many 
cases, solubility in non-polar organic solvents has been noted. 
Schwarzenbach and co-workers (Helv .. Chim. Acta, 31, 1798 (1947) have 
demonstrated that the structure of the complex formed by ethylenediamine-
tetraacetic acid and divalent metallic ions has the configuration indicated 
in figure I. 
I 
It will be noted that in this chelate complex only two of the acetic acid 
anions are required to form the complex; the remaining two, in the above 
molecule, serve to enhance the solubility of the complex in water. 
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The purpose of the present investigation was to prepare a series of 
disubstituted ethylenediamine-diacetic acids of the type: 
which would retain the complex forming elements of ethylenediamine-
tetraacetic acid, but would substitute suitable alkyl or carbalkoxyl groups 
for the two remaining acetic ~cid anions. It was thought that these com-
pounds would yield metallic complexes which ware soluble in non-polar 
organic solvents. 
The derivatives where R would be hydrogen, butyl, dodecyl, octadecyl, 
and carbethoxyl were to be prepared. The copper, calcium, and barium salts 
of these new acids were also to be prepared and their solubility tested in 
a variety of organic solvents. 
The preparation of piperazine-1,4-diacetic acid and its copper, calcium 
and barium salts was also undertaken. In this compound the nitrogen atoms 
are joined by two ethylene bridges. 
The disubstituted ethylenediamines required for this investigation were 
prepared by both known and new procedures. N,N'- Dibutyl-ethylenediamine 
was prepared by reacting five moles of n-butyl amine with one mole of 
ethylene dibromide. N,N'- Didodecyl-ethylenediamine and N,N'- dioctadecyl-
ethylenediamine were both obtained as the monohydrates by a new method which 
consisted of refluxing two moles of the amine with one mole of ethylene 
dibromide. 
These diamines were characterized by preparation of the dipicrate and 
dihydrochloride derivatives. 
The procedure set forth by Cuxry (Ph. D. Dissertation, Boston 
University, Boston, Mass., 1950) was utilized to prepare N,N'- dica.rbethoxy-
ethylenediamine. An excellent yield of the compound was obtained. 
Three methods of preparing ethylenediamine-diacetic acid were tried. 
These were: 
1. condensation of ethylenediamine with sodium 
chloroacetate 
2. reaction between ethylenediamine, sodium cyanide, 
and formaldehyde 
3. condensation of ethylenediamine with lead chloro-
acetate 
The first method led to a mixture of water soluble compounds from 
which none of the desired compound could be isolated. 
The goal in the second method was the preparation of ethylenediamine-
diacetoni trile which could be hydrolyzed to obtain the amino acid. The 
desired result was not achieved, however, since the dinitrile decomposed 
during attempted purification. 
The third method was the most promising. In this case the contaminaUn§ 
lead ions can be quantitatively removed with hydrogen sulfide, leaving the 
dihydrochloride of the amino acid. When this experiment was carried out, a 
white solid was obtained which could be recrystallized from ethanol. 
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An analytically pure sample of this acid could not be obtained, how-
ever, probably because of the hygroscopic nature of the solid and contami-
nation with the monoacetic acid derivative, ethylenediamine-monoacetic acid 
dihydrochloride. 
Attempts to prepare N,N' - dicarbethoxy-ethylenediamine-diacetic acid 
by the carboxymethylation reaction of Smith 'et al (J. Org. Cham., 14, 355 
(1949) were not successful. 
Piperazine-1,4-diacetamide- was isolated in excellent yield by con-
densing piperazine with chloroacetamide in the presence of sodium carbonate. 
Hydrolysis of this compound with sodium hydroxide and acidification of the 
hydrolysate with dilute hydrochloric acid gave a quantitative yield of 
piperazine-1,4-diacetic acid. This compound was obtained as the dihydrate 
by recrystallization from water. 
The following methods were employed i n att empts to prepare 
N,N'- dibutyl-ethylenediamina-diacetic acid: 
1. condensation of N,N'- dibutyl.-ethylenediamine 
wi t h ethyl bromoacetate f ol lowed by hydrolysis 
of the ester produced to the desired acid 
2. condensation of N,N'- dibutyl-athylenedi amine 
with chloroacetamide followed by hydrolysis of 
diacetamide derivative 
In the reaction between symmetrical dibutyl-ethylenediamine and ethyl 
bromoacetate, there was obtained a viscous yellow oil which decomposed when 
distillation in vacuuo was attempted. 
The condensation of N,N'- dibutyl-ethylenediamine with chloroacetamide 
gave a 58 per cent yield of N,N'- dibutyl-ethylenediamine-diacetamide, a 
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compound not previously reported in the literature. Hydrolysis of this 
compound with aqueous sodium hydroxide solution and acidification of the 
hydrolysate to a pH of 4-5 gave a 50 per cent yield of N,N'- dibutyl-
ethylenediamine-diacetic acid. 
All attempts to prepare N,N'- didodecyl-ethylenediamine-diacetamide 
and N,N'- dioctadecyl-athylenediamine-diacetamide by condensation of the 
appropriate diamine with chloroacetamide were unsuccessful. 
The salts of both piperazine-1,4-diaoetic acid and N,N'- dibutyl-
ethylenedia~ine-diacetic acid were prepared by heating an aqueous solution 
of the acid with the ~ppropriate metal carbonate. The copper salts of both 
acids were blue; the calcium and barium salts were white. 
Neither the salts of piperazine-1,4-diacetic acid, nor those of 
N,N'- dibutyl-ethylenediamine-diacetic acid display the solubility 
characteristics to be expected of inner complex salts. Under the conditions 
employed for solubility determinations, none of the six salts exhibited 
solubility in any of the non-polar organic solvents tested. The copper 
salt of piperazine-1,4-diacetic acid was only sparingly soluble in water. 
The barium and calcium salts of this acid were both water-soluble . The 
copper salt of N,N'- dibutyl-ethylenediamine-diacetic acid was soluble in 
water, giving an intense blue coloration. The barium and calcium salts of 
this acid dissolved in water to form colorless solutions. 
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